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Simulation of persistent currents by
finite-element code (OPERAZ2D)

M agnetic properties of a superconducting material can be expressed in terms
of flux density as.

B(H) =m,*H +K . M, (H)

Relative permeability is:
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Verification of the proposed method
by comparison with analytical solution

OPERAZ2D model (second cycle, B,=1.2T) First cycle
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| mpact of the coil magnetization effect
on thefield multipoles

Sextupole component Decapole component
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L ar ge negative sextupole component at low fields induced by per sistent
currentsin Nb,Sn filaments, dueto a high critical current density and a

big effective filament diameter requiresan additional correction
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Effect in double bore magnets

“Cold” and “warm” yoke models Quadrupole deviations vs. borefield
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Methods of the coil magnetization effect correction

1. Maximum magnetization of fully penetrated filament:

M = iJcDeff can bereduced only by decreasing D 4 that has technological
P limitations.

2. Active multipoles correction by correcting magnets - always presents and
expensive.

3. Passive multipoles correction by superconductor . Required considerable
amount of correcting super conducting material that reduces cail
efficiency.

4. New developed method of passive correction by ferromagnetic material
will be discussed.
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Persistent current correction by ferromagnetic material

Possible positions of ferromagnetic corrector:

1. QOutside of the cail:
- at outer surface of the beam pipe or inner surface of the coil in form of
thiniron strips
- at outer coil surfacein form of iron shells (spacers between coil and yoke)

2. Inside of the cail:
- between cables asthin foil strips
- inside of the cable as a core (instead of SS core)
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Optimization of the correcting strip position

OPERA2D model

Multipolesvs. correcting shim position
(R=19.75mm, Dh=0.2mm, DPhi=7.5deg)
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Correction by stripson the beam pipe

Sextupole and decapole vs. borefield
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Correction by introduction of
ferromagnetic material insidethe cable

Resulting magnetization o o
M agnetization of cable with iron core:
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dethe cables
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Sextupole and decapole vs

Correcting strips between/
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Sensitivity analysis

c ‘ e Errorsin normal multipoles Errorsin skew multipoles
Oire‘gor t”ogs Value at 1T borefidd, units at 1T bore fidd, units
yp yp Do2 | Do3 | Db4 | Db5 | Dal | Da2 | Da3 | Dad | Da5
Pipe 05mm | 37 | 012 | 066 | 012 | 0 0 0 0 0
horizontal
Pipe 0.5mm 0 0 0 0 0 3.7 0 | 054 o
vertical
Stripson the | Pipe 05mm 5 1 516 | o |o00s|o4s| o |312| 0 | 039
beam pipe angular (1.45deg)
Onestrip | 0.5mm | o0 635 | 050 | 010 | 004 | 052 | 048 | 0.00 | 037
angular (1.45deq)
M aterial
ani Zotr opy 1/0.2 0 0.81 0 1.4 0 0 0 0 0
Stripsinside/ | All strips
between the | radial 0.5mm 0 1.0 0 0.7 0 0 0 0 0
cables All strips 5mm
i knecs (10%) 0 29 0 0.13 0 0 0 0 0
Required technological tolerances:
- strip position variation < 0.5mm
- strip thickness variation <10%
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Combined sextupole correction

Achievable magnet dynamic range

Active corrector strength required to
cancel out remaining sextupole:

- w/o passive correction - 20 units

at 1.5T or 2.5 unitsat 12T,
- with passive correction - 1.0 units

at 12T (required to cancel the
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passive corrector

= == gctive corrector: b3(127)=1.0|

- with passive correction and SC with
J.(12T)=3000A/mm? and D_=40mm
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Summary

1. Persistent current effect in Nb,Sn magnetsis large and
requires correction.

2. Proposed method of passive correction with iron strips
allows effective reduction of induced sextupole
at low fields.

3. Field sengitivity to the corrector misalignment is
acceptable for corrector manufacturing and
Installation tolerances.

4. Combination of passive and active sextupole correcting
schemes allows to achieve required magnet dynamic

range of 17 at smaller cost for Nb;Sn strand with
J.(12T)~3000A/mm? and D<40mm .
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